The portable chest X-ray in infants hospitalized in neonatal intensive care units is one of the most common diagnostic procedures. Every child during hospitalization period may be incurred over a number of portable chest radiography examinations. Optimization of the infant position for radiography results in the improved diagnostic quality of radiographs. Objective: To evaluate rotation factor during pediatric portable chest radiography; the present study examined the effect of two different methods to stabilize infant position during radiography on the incidence of rotation. Materials and methods: This is an interventional study with nonequivalent groups in which rotation factor was evaluated on 250 portable chest radiography on fields of newborns admitted to NICUs (in two intervention and control groups), by comparing the length of posterior ribs on both sides of the chest. In this study, 176 radiographs were related to infants from three university hospitals so that sandbags or patients accompany had been used to stabilize the position of the patient, and 74 radiographs were for infants referred to an academic center whose positions had been stabilized during X-ray using body immobilizer. Results: The mean difference between the length of right and left posterior ribs in infants stabilized with the usual method (sandbags or patients accompanies) was obtained 6.51±5.05 mm. This statistical index for the second group of infants whose positions had been stabilized through body immobilizer was 2.87±2.15mm. Independent t-test showed a significant difference between the two groups in terms of the difference in the quantity of rotation. In this study, the difference in the length of posterior ribs over 5 mm was found as detectable rotation in the images. Conclusion: The infant position during radiography can be improved considerably by using proper body immobilizer, and repeating the tests can be avoided due to the inappropriate position. By means of such an instrument, there is no need for the help of accompanies or personnel to stabilize infant position, and their exposure will be prevented. Cite This Article: Mahmoudabadi, A., Moghadam, M.S., Sajjadi, M., Shams, M., Ameri, L. 2018. Improving the quality of positioning and reducing the rotation factor during pediatric portable chest radiography using infant immobilizer . Bali Medical Journal 7(2): 420-425.
INTRODUCTION
Recent studies in the past decade have shown that the world's preterm birth rate has risen steadily so that 12.6% of the total annual births in America accounts for preterm infants less than 36 weeks. Most of these newborns are hospitalized in the Neonatal Intensive Care Units due to some reasons such as poor body, physical disorders and underlying diseases. 1 These patients during hospitalization in the NICU are repeatedly being examined by portable chest radiography. [2] [3] [4] The reason is that the portable chest radiography is a simple, accessible and low-cost test that can reveal a wide range of diseases in pleura, lung parenchyma, and thoracic skeletal structures, as well as some mediastinal problems. Furthermore, the pediatric portable chest radiography is also employed to check the position of catheters and tubes placed in the patient's body for diagnostic or therapeutic purposes, provided that the performed X-rays have the required diagnostic quality. 5 High-quality diagnostic radiography requires the use of proper exposure technique, the standard position of an infant during radiography and suitable method of imaging. 6 Unfortunately, there is no standard chart to guarantee the quality of graph for the exposure conditions. The exposure conditions are set based on the experience and skills of the radiographer.
In the imaging using screen/film system due to its low dynamic range, increase or decrease in exposure severely affects the final quality of the image and can be followed by a repeated test. However, the two basic types of digital imaging systems including Computed Radiography (CR) and Direct Radiography (DR) have wide dynamic range, so that defects in improper exposure can be corrected somewhat in the post-processing, and the final contrast of the image can be improved. For this reason, screen/film imaging systems currently are being replaced quickly through CR and DR. 3, 6 Another important factor affecting the diagnostic quality of the image is the correct position of an infant during radiography. Stabilization of newborns position during radiographic procedures induces radiography quality improvement and reduces rotation and movement artifact. The aim of this study is an evaluation of rotation factor in chest radiography of newborns hospitalized in NICUs.
Pediatric radiography differs from adult patients. They often do not cooperate during testing and are restless. If the position of these patients after positioning is not stabilized properly, a provided graph will not have required diagnostic quality. 7 The infant rotation to one side is one of the most common positioning errors, which can lead to expanding images of the heart and mediastinum to the desired side and can largely cover that side of the lung parenchyma. In this case, evaluation of lung, heart and mediastinal disorders will be faced with problems and sometimes there is no choice but to repeat the test. 5 If the positioning of the patient is optimally stabilized, proper collimation of imaging area will be possible, and thus the non-essential organs will not be in the radiation field and the dose received by the patient will be reduced. Moreover, the image contrast is improved due to the reduction of scattered rays. 8, 9 On the other hand, the quality of improper radiographic positioning may result in repeated tests. The repeated test means re-exposure of the infant. However, the infants compared to adults are more sensitive to radiation damage so that the incidence of cancer in the infant in the same dose is 10-15 times more than a person with 50 years of age. 10 Many believe that the dose received by portable X-ray of the lungs or abdomen of the infant is low. 4,6 However, due to repetitively perform of the procedure during hospitalization of the infant as well as the high sensitivity of infants to the rays, doing optimization procedure, selecting proper method of imaging, appropriate positioning, stabilizing the position of an infant, adhering to protective principles and reducing the dose exposed to the infant are very important. 8 Several factors raise the risk of radiation damages. Most of the baby's tissues and organs are developing, so the proportion of cells in mitosis is relatively high in them. On this basis, according to the law of Bergioner and Tribandeau, the infants in the second place after the fetus will be most sensitive to radiation. 11 Age is another factor to increase the risk of radiation damages in this group of patients. Undoubtedly, they have many years of lifespan ahead, and this means more opportunity for radiation damages. 10, 12 To reduce the dose received by the infant in a portable chest radiography, optimizing the conditions of exposure in accordance with the principle of ALARA (As Low As Reasonably Achievable), appropriate positioning, immobilizing the patient and tight collimation are very helpful. 8, 10 Multiple sandbags or patients accompanies and sometimes both together often are used to stabilize the position of newborns for portable X-ray of the lungs. These methods usually have no proper efficiency incomplete stabilization of the infant and also may result in the exposure of the patient's accompany. Poor quality of position stabilizing in most cases leads to the baby's rotation and degrades the diagnostic quality of the graph so that stereotypes are sometimes difficult to interpret and repeated therapy is inevitable.
The use of a dedicated tool to stabilize the baby imaging can largely solve the problem of rotation. 13 If such a tool can completely stabilize the baby, firstly there will be no need for the patient's accompanies during the radiography to help for stabilizing the baby so the patients accompany will not receive the radiation.; secondly, the baby's position during the radiography will change less and the graph will have less error in terms of positioning of the patients. In this case, repeated radiography because of the patient's rotation will be reduced remarkably.
Studies show that the use of infant immobilizer can help to optimize diagnostic and therapeutic procedures, including procedures for imaging in these patients. [14] [15] [16] The aim of this study is to investigate the role of common procedures in order to stabilize the baby in the final quality of graph. For this purpose we used a dedicated body rest to stabilize newborns during chest radiography. It had different parts for head and limbs fixation.
OBJECTIVES
This study has focused specifically on pediatric portable chest radiography because this radiography is the most frequent diagnostic x-ray procedures in preterm infants hospitalized in intensive care units. Since the position of the baby and stabilization methods are pivotal factors in the final quality graph, 17-19 so different methods of stabilization and their radiographic findings were evaluated in this study.
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PATIENTS AND METHODS
The present study was conducted for 9 months on newborns admitted to the NICUs at four University Centers. The pediatric portable chest radiography including both sexes, different diseases and varying degrees of prematurity were studied in two groups. The first group consisting of 176 radiographs related to infants from three university hospitals was evaluated in terms of the newborn position during lung X-ray within a retrospective study. The group had an average weight of 2570gr and included both sexes. The common methods (sandbags or patient's accompanies or sometimes both) had been used to stabilize the baby's position in all these centers during radiography.
The second group including 74 radiographs was for infants referred to an academic center whose positions had been stabilized during X-ray using body immobilizer. The group had the average weight of 2630gr and involved infants of both sexes.
In both groups, the lung graphs were carried out through the portable X-ray devices in the neonatal intensive care unit. In each center, the studied graphs were performed by a variety of radiographers with varying degrees of experience.
A radiologist studied radiography of both groups. The radiologist was blind towards the groups. The radiologist measured separately the length of the left and right posterior ribs on each X-ray, recorded the findings, judged on the X-ray of rotation with sight and placed them in one of three groups of "no rotation", " minor rotation but with diagnostic value" and "serious rotation without diagnostic value".
The graphs of the three centers had been prepared using the film/screen system and the graphs related to a center had been obtained using computed radiography (CR) system.
The results were analyzed and differences between the length of right and left posterior ribs were calculated to assess the quantity of rotation factor in the radiographs and were considered as a basis. The ruler was applied in the graphs taken by film/screen system, and the tools for measuring the length in the toolbox of K-PACKS software were recruited in the graphs done by CR system.
RESULTS
In this study, the quality of positioning in terms of the infant rotation during portable lung X-ray was evaluated by comparing the length of posterior ribs. Pediatric portable X-rays from four academic centers in terms of stabilization of infant position during the portable lung X-ray were studied in two groups. The general context of the study has been shown in flow chart diagram 1.
The first group included 176 radiographs related to infants from three university hospitals that sandbags or patients accompanies had been used to stabilize the position of the patient, and the second group consisted of 74 radiographs associated with infants referred to the academic center whose positions had been stabilized during X-ray using body immobilizer. Table 1 shows the results of comparing the differences in the length of posterior ribs in the two groups. Table 2 presents the number of samples and the mean differences in the length of posterior ribs separately for centers. The sandbags or patient's accompanies or both are utilized in the Centers 1, 2 and 3 to stabilize the baby's position during portable lung X-ray and the body immobilizer special for X-ray was applied for the Center 4.
The graphs in the Centers 1, 2 and 4 were taken using film/screen system, while the computed radiography system was used in the Center 3. However, the mean differences in the length of posterior ribs at the Center 3 were not significant compared with the Centers 1 and 2. This means that the method of imaging had no effect on the infant rotation factor ( Table 2) .
However, comparing the mean differences in the length of posterior ribs in the graphs of the Center 4 showed significant difference with the other three centers. The mean difference in the length of posterior ribs was 2.87 ± 2.15 mm in this center. The reason for this difference and thus a significant reduction in the infant rotation compared to the standard position is in the stabilization methods during the neonatal radiography ( Table 3) .
The graphs in the Center 4 were taken using film/screen system. In the center, the conditions of the device, the distance of the tube and equipment required for X-ray including immobilizer were quite ready and set. Then, to perform lung radiography, the infant was transferred to the immobilizer and the position was stabilized by different parts of the immobilizer special for radiography. The baby's head was firmly stabilized by two lateral pads and an adhesive tape, and each of peripheral organs of the infant using adhesive tape and lateral pad of the immobilizer so that the infant position remained almost constant throughout the X-ray. Thus, there was no need for sandbags or patients accompany to maintain the position of the patient. After the radiography, the infant was immediately detached from the immobilizer and returned to the incubator.
Qualitative analysis of rotation factor by a radiologist and without measuring the length of the posterior ribs in the four centers shows that the use 
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of this tool has played a significant role in reducing infant rotation and improving the positioning (Table 4) . During the study, no X-ray was repeated in the Center 4 due to position error and high rotation.
DISCUSSION
The pediatric portable radiography is the most frequent diagnostic x-ray procedures that can reveal a wide range of diseases and disorders in thoracic and mediastinal areas, provided that the x-ray has required diagnostic quality. Factors affecting the quality radiographs are numerous, such as the use of proper exposure technique, positioning, methods of infant stabilization and suitable method of imaging.
Suitable position and stabilization of the infants can be very effective in imaging findings. The standard position and stabilization prevent the repetition of radiography due to the rotation as well as contribute to improving diagnostic details of lung imaging. The sandbags or patient's accompanies or both are used to stabilize the baby in most centers. Our study indicates that these methods are usually associated with some degree of rotation for children, have no good efficiency, and make exposure of the patients accompanies. As an alternative approach, a special type of body immobilizer was employed in this project and has yielded good results and the mean rotation of the infant was reduced significantly after positioning by the radiographer. The use of this immobilizer, in addition to improving the positioning of the baby, had other advantages:
1) The use of this device is very convenient, speeding up the processes of positioning and stabilization. 2) There was no need for assistance of patient's accompanies in any of the graphs, so none of the patients accompanies received radiation because of helping to do portable X-ray. 3) No effect was reported damages to the infants caused by the use of the device during the study.
Because the reader was blind to groups, it is unlikely that bias in data collection was arisen. We had a limitation in this study. A few babies were premature and so weak. They were in a serious condition, with a lot of vital equipment attached to them. We could not use body rest for them.
CONCLUSION
The pediatric radiography is always a challenging issue. These patients are unable to cooperate and usually are restless during radiography. In the centers, which use the sandbags or accompanies to stabilize the infant position during the radiography, some degrees of infant rotation and thus drop in the diagnostic value of radiography can be seen. The current study indicated that the use of an auxiliary tool in stabilizing the child during radiography could help effectively to improve the positioning of the baby during portable radiography. In addition, the need for assistance of accompanies and their exposure can be eliminated. No radiography was repeated due to position error and high rotation. 
